INTRODUCTION
The quest for new and profitable floriculture crops has led researchers in the United States to focus on the flowering requirements of temperate herbaceous perennial species. Historically in North America, the majority of herbaceous perennials have been produced and marketed as garden ornamental plants, not as flowering potted plants, and are routinely offered for sale during a narrow window of time in early to late spring. Although this is the peak period for garden sales, many summer blooming perennials do not naturally flower until later in the season. However, many species can be successfully forced to flower out of season and produced in large-scale quantities under glasshouse conditions. In fact, floriculture research at Michigan State University, East Lansing, MI, USA has evaluated nearly 400 herbaceous perennial species for their suitability as flowering potted plants.
Flowering of perennial species native to temperate regions is often finely tuned to seasonal changes in temperature and photoperiod and the specific flowering requirements for many have been well characterized in the last several years (Whitman et al., 1996; Runkle et al., 1998; Armitage and Garner, 1999) . When specific inductive conditions are characterized, growers can manipulate greenhouse temperatures and light environments to provide consumers with flowering plants out of season.
The objectives of this research were 1) to determine vernalization and photoperiod requirements for flowering of select herbaceous perennial species with garden appeal and 2) to evaluate their suitability as flowering potted plants for commercial production. We chose five species for inclusion in this study, Agastache rugosa 'Honey Bee Blue', Corydalis lutea, Laurentia axillaris, Nepeta subsessilis, and Oenothera speciosa 'Siskiyou'.
MATERIALS AND METHODS
Agastache 'Honey Bee Blue' and Corydalis plants were obtained from a commercial producer as plug-grown seedlings averaging 3 to 4 nodes each. Tip cuttings of Nepeta, Oenothera 'Siskiyou', and Laurentia were taken from vegetative stock plants maintained under a 9-h photoperiod in a 20 ºC glass greenhouse. Stock plants of these species originated from vegetative cuttings supplied by a commercial grower. Cuttings were dipped in a 1500 ppm IBA rooting hormone solution and stuck in 50-cell plug trays. Cuttings were rooted for three weeks under mist in a 23 ºC propagation house with a 9-h photoperiod then transferred to a 20 ºC greenhouse with a 9-h photoperiod for an additional three weeks of growth. Nepeta, Oenothera 'Siskiyou', and Laurentia plugs averaged 3 to 4, 18 to 20, and 5 to 8 nodes, respectively, at the start of the experiment.
Following bulking, 30 plants of each species were transplanted into 1.1L containers filled with a commercial peat-perlite media. Ten plants of each species were grown at 20 ºC under each of the following photoperiod and lighting treatments: (1) 9-h short day (SD); (2) 16-h long day by day-extension lighting with incandescent lamps (LD) or (3) a 16-h long day with supplemental and day-extension lighting with high pressure sodium lamps (LD+). The remaining plants were vernalized at 5 ºC and 5 (Agastache, Laurentia, Nepeta, Oenothera), 10 (Laurentia), or 15 (Corydalis, Laurentia) weeks in a growth chamber with a 9-h photoperiod provided by cool white fluorescent lamps at 50 µmol·m (30% ammoniacal N) plus 1.0Fe-0.5Mn-0.5Zn-0.5Cu-0.1B-0.1Mo mg L -1 (MSU Special; Greencare Fertilizers, Chicago, Ill.). Instantaneous light in each treatment was measured at plant height with a LI-COR line quantum sensor (LI-COR, Lincoln, Nebr.) connected to a CR10 datalogger (Campbell Scientific, Logan, Utah). Light measurements were collected every 10 s, and the hourly average was recorded. The average daily light integral (DLI) was calcualted from forcing to visible bud for each species.
Plants were grown under the photoperiod and lighting treatments for 15 weeks, or until plants reached anthesis. Flowering percentage, date of anthesis and flower number at anthesis were recorded (Table 1) . Flowering percentage was calculated as the number of flowering plants divided by the number of total plants per treatment.
RESULTS

Agastache rugosa
Agastache 'Honey Bee Blue' plants flowered completely under LD+ with or without a cold treatment. Plants flowered more quickly under LD than SD, and flower timing was further hastened by 1 to 1.5 weeks under LD+ compared to LD. Only 30% of plants flowered under SD without cold. Cold was beneficial for flowering and improved flowering percentage of Agastache under SD and LD. Ninety percent of cooled plants flowered when grown under SD with a similar DLI as noncooled plants. Five weeks of cold delayed flower timing under LD and LD+ by 4 to 7 days. Differences in flower timing were greatest under SD with cooled plants flowering 3 weeks later than noncooled plants. Flowering of cooled plants occurred from lateral and basal shoots that emerged after the cold treatment.
Cold treatment, photoperiod, and light quantity impacted flower number at anthesis. Cooled plants grown under LD and SD produced 3 to 4 times as many flowers at anthesis as noncooled plants. Flower number under LD+ was not affected by cooling. Despite similar average daily light integrals, plants grown under LD produced twice as many flowers as those under SD. An additional 3 mol of light per day provided by HPS lamps under LD+ increased flower number from LD by 1.5 to 3 fold. Plants grown with photosynthetic supplemental lighting flowered 4 to 7 days faster than those grown with photoperiodic LD lighting alone.
Corydalis lutea
Corydalis plants flowered completely under LD and LD+ with or without a cold treatment. A greater number of plants flowered under SD following 15 weeks (70%) compared to 0 weeks (30%) of cold. Flowering of noncooled plants was hastened slightly by 5 days under LD and by 2 weeks under LD+ compared to SD. Plants under all lighting treatments flowered in 4 weeks following cold treatment with a similar flower number at anthesis. Although there flower number at anthesis under LD+ and LD was similar, flower number at 8 weeks forcing was greater for LD+ than LD plants. Specific DLI information is unavailable for Corydalis.
Laurentia axillaris
No 
Nepeta subsessilis
Nepeta plants flowered completely in 5 weeks under LD and LD+ following 0 and 5 weeks of cold treatment. Noncooled plants did not flower under SD. One plant flowered under SD following cold; however, time to flower was lengthy and only three flower buds formed. Cooled and noncooled plants produced 40-50% more flowers under LD+ than LD. The total number of flowers at anthesis decreased 50% for cooled plants compared to noncooled plants. 
Oenothera speciosa
DISCUSSION
The flower induction requirements for Agastache rugosa 'Honey Bee Blue, Corydalis lutea, Laurentia axillaris, Nepeta subsessilis, and Oenothera speciosa 'Siskiyou' were determined (Table 1) . Each herbaceous perennial species examined in this study can be successfully programmed to flower for early season garden sales. All species were identified as LD plants for horticultural flowering. Although Agastache, Corydalis, Laurentia, and Oenothera flowered under SD to varying degrees (70-90%) following cold, complete flowering of these species required LD or LD+. Flowering uniformity, increased inflorescence number, and shortest production time were optimum under LD or LD+. Although the critical photoperiod for flowering of these species was not determined in this study, this information could aid in tailoring production protocols for commercial flowering. Of the species tested, only Laurentia had an obligate vernalization requirement and required 10 weeks of cold treatment for complete flowering in this trial. All other species flowered completely in this trial without exposure to cold. However, cold proved beneficial in flowering of Agastache, Corydalis, and Oenothera. Cold did not appear to affect flowering characteristics of Nepeta, and in fact decreased initial flower number at anthesis. Cooling plants at temperatures other than 5 ºC and for varying durations may give differing results.
We found all species to benefit from supplemental lighting provided in the LD+ treatment. The Northern United States including Michigan (lat. 42° to lat. 45°N), experiences low ambient light levels (2.5-10 mol m -2 d -1
, assuming 50% greenhouse transmission) from November to February (Korczynski et al., 2002) . Therfore, many greenhouses provide supplemental lighting with electric lamps to improve winter production of flowering potted crops. While LD lighting from incandescent bulbs is sufficient to induce flowering of the species examined in this study, additional light provided by high pressure sodium lamps dramatically influenced flower number and plant quality under low light conditions. Flower number of Agastache, Laurentia, Nepeta, and Oenothera at anthesis was significantly greater for plants grown under LD+ compared to LD with relatively small additions of total light. For example, Laurentia produced 70% more flowers when grown for 8 weeks with an average DLI of 13.3 mol m -2 d -1 compared to 11.7 mol m -2 d -1 , a 14% increase in total available light. Similarly, Agastache and Oenothera produced 60 and 200% more flowers, respectively, when grown for 5 to 6 weeks with an additional 3 mol m -2 d -1 under LD+. All species were more compact with greater lateral branching under LD+ than LD.
While all species merit potential as new crops, Laurentia is the most promising species for introduction as a new flowering potted plant. Laurentia, a native of Australia, possessed many noteworthy attributes including fragrant flowers, consistency of flowering, numerous flower buds per plant, and few insect pest and disease problems. Individual flowers were long-lived and plants maintained a good flower show under indoor conditions for several weeks. The primary shortcoming of producing Laurentia as a flowering potted plant is that crop timing is relatively slow as plants require 10 weeks cooling followed by 10 weeks forcing at 20 ºC. The remaining species will require additional research before plants can be recommended for production as flowering potted plants. Agastache was the tallest species and will benefit from growth regulator applications when produced in 1.1L containers. Although flower longevity and postharvest quality issues were not addressed in this study, individual Agastache, Corydalis, Nepeta, and Oenothera flowers tended to be short-lived. Still, consumers searching for something "new" may find many of these plants interesting. Tables   Table 1. Flowering of several herbaceous perennial species in response to cold treatment, photoperiod, and light quantity. Plants were cooled at 5 ºC then grown at 20 ºC under either a 9-h short day (SD), 16-h long day by day-extension lighting with incandescent lamps (LD) or a 16-h long day with supplemental and day-extension lighting with high pressure sodium lamps (LD+). 
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